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Introduction
Gastric cancer (GC) is the second leading cause of cancer-related death worldwide. About one million new cases per year of GC were estimated to have occurred [1] . GC is diagnosed at advanced stage accompanied by extensive invasion and lymphatic metastasis [2] . Thus, early detection of GC is a key measure to reduce the mortality and improve the prognosis of gastric cancer. Recent studies on diagnostic techniques and peri-operative management have increased the early detection of GC and decreased the mortality [3, 4] . Therefore, it is very important to increase the sensitivity and specificity of diagnostic markers and/or methods for the treatment and prevention of GC [5] .
MicroRNAs are a class of~22 nucleotides noncoding RNAs that regulate the expression of target genes by interacting with complementary sites in the 3 0 untranslated region of the target mRNAs [6] . Studies have shown that miRNAs have been involved in the regulation of different biological processes, including apoptosis, proliferation, metabolism, cellular differentiation, embryogenesis, gene regulation [7, 8] . Recently microR-NA expression profiling has been extensively used in order to screen the expression of the large number of microRNAs through extensive sample collections. Several microRNA expression profiling studies in cell lines, tissue samples, serum have revealed the number of microRNAs as the biomarkers in GC [9] [10] [11] . These studies provide hundreds of differentially expressed miRNAs, and finally only a small number of them may have clinical use and act as diagnostic and prognostic biomarkers. Different profiling studies show inconsistency in the identified differentially expressed miRNAs. A logical method to identify the most consistently reported differentially expressed miRNAs is to search for the intersections of miRNAs identified in multiple independent studies. Griffith [12] and Chan [13] vote-counting strategy have cope with the challenges to collect and combine the results of those miRNAs expression profiling studies with different profiling platform, different methods to ascertain differential expression like normalization and significance level.
We carried out a systematic review from the published microRNAs expression profiling studies that compared the miRNA expression profiles in GC tissues with those in noncancerous gastric tissues. A vote-counting strategy was used which considered the total number of studies that reported differential expression, total number of tissue samples used in studies and the average fold change. We also presented the consistently reported differential miRNAs and the rank of the differentially expressed upregulated and downregulated miRNAs.
Materials and Methods

Literature survey
In order to find all relevant literatures, we used PubMed search engine for the GC microRNA expression profiling studies between the periods February 2006 and December 2012 [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] . Search term "miR and gastric cancer" was used. Papers with miRNA expression profiling studies that used tissue samples obtained from surgically resected GC tumors and corresponding noncancerous gastric tissues were selected.
Study selection criteria
Selected study should meet the criteria: (1) they were miRNA expression profiling studies in GC patients, (2) they used GC and neighboring noncancerous gastric tissues for comparison, (3) use of microarray methods, (4) had information on cut off criteria of differentially expressed miRNAs, and (5) had reported total number of samples used in study. Thus, due to this inclusion criteria miRNA profiling studies using different cell lines, serum samples of GC patients, plasma samples, or using different miRNA technologies (RNA-seq and qPCR) and review articles were excluded.
Data collection
From each selected paper, following information were retrieved: author, journal and year of publication, location of study, period of sample collection (if available), selection and characteristics of recruited GC patient, total samples used for the study, platform used for miRNA expression profiling, cut-off criteria of statistically differentially expressed miRNAs, total number of differentially expressed miRNAs, list of upregulated and downregulated miRNAs and their fold change (if available).
Ranking
Each of the published miRNA expression profiling studies that compare miRNA expression between the GC and neighboring noncancerous gastric tissues provided a list of differentially expressed miRNAs. Then for systematic review the vote-counting strategy based method of ranking potential molecular markers as given by Griffith [12] and Chan [13] was used. MiRNAs were ranked on the basis of criteria as: (1) number of the studies that consistently reported the miRNA as differentially expressed, (2) the consistent direction of change of differentially expressed microRNA, and (3) total number of samples for comparison in agreement.
Identify the experimentally validated microRNA target genes
To explore the target genes of miRNAs related to GC miRTarBase (mirtarbase.mbc.nctu.edu.tw), was used which is the recently established database with largest collection of more than 34,000 manually curated miRNAtarget interactions, all of which are experimentally validated by luciferase reporter assay, western blot, or microarray experiments with overexpression or knockdown of miRNAs [28] .
Enrichment analysis
Enrichment analyses for gene ontology (GO) [29] terms and Kyoto encyclopedia of genes and genomes (KEGG) [30] pathways were carried out with Database for Annotation, Visualization, and Integrated Discovery (DAVID) [31] . DAVID is a web-accessible program that integrates functional genomics annotations with intuitive graphical summaries. List of gene or protein identifiers are rapidly annotated and summarized according to shared categorical data for Gene Ontology, protein domain, and biochemical pathway membership. For this, we listed all the target genes of downregulated microRNAs. The top 20 GO terms and KEGG pathways showing association with target genes were listed with GO terms, KEGG pathway, number of genes in the term, number of genes in the pathways, and P-value.
Results
Included independent studies
In total, 214 studies were recorded using PubMed. According to the inclusion and exclusion criteria, only 14 independent studies were included in our analysis. The system work flow that was used in our analysis was as shown in Figure 1 . The information of the selected studies was tabulated in Table 1 in the descending order of their year of publication. These studies show the different platforms as well as various statistical and biocomputational analyses had been used for the microRNA expression profiling. The number of differentially expressed microRNAs ranges from 9 to 326. Two studies Carvalho [14] , Oh [18] provided the top five and top 40 differentially expressed microRNAs, respectively, one study Tsukamoto [21] provided the differentially expressed microRNAs with the raw signal over 500 and one study Yao [23] provided the differentially expressed microRNAs above twofold changes. Nine of the 14 eligible studies provided fold change (FC) information of differentially expressed miRNAs.
Differentially expressed microRNAs
A total of 352 differentially expressed miRNAs were reported from 14 microRNA expression profiling studies that compared GC tissue with corresponding noncancer- ous gastric tissue, with 120 microRNAs reported in at least two studies.
Consistently and inconsistently reported microRNAs
Among 352 microRNAs, 120 miRNAs (34.18%) were reported in at least two studies. Among 120 differentially expressed miRNAs, 69 miRNAs (57.5%) were with consistent direction of expression of which 41 were reported to be upregulated (Table 2 ) and 28 downregulated (Table 3) . Fifty-one miRNAs (42.5%) were reported to be with inconsistent direction of expression (Table S1 ).
In the group of consistently reported upregulated miRNAs, miR-21 was reported in 10 studies followed by three miRNAs, miR-25, miR-92 and miR-223 in eight studies. In the consistently reported downregulated miRNAs, miR-375 was reported in six studies followed by two miRNAs, miR-148a, and miR-30d in five studies. However, in the group of inconsistently reported miRNAs, miR-107 was reported in nine studies with upregulation in eight studies and downregulation in one study followed by miR-103 in eight studies with seven and one study showing up-and downregulation, respectively.
Target genes of differentially expressed microRNAs
After we identified the total microRNAs that were downregulated, upregulated, and both down and upregulated in gastric cancer, we used the miRTarBase to search all of the target genes for the set of miRNAs. We identified 362 and 489 nonredundant target genes for the set of miRNAs downregulated and upregulated, respectively, in GC (Tables S2 and S3 ). MicroRNAs can act as both tumor suppressor and oncogenes. A total of 701 nonredundant target genes were identified for the set of miRNAs that were both upregulated and downregulated in GC (Table  S4) . Downregulated microRNAs play important role as tumor suppressors, so we focused on the set of downregulated microRNAs target genes.
Enrichment analysis result
We used Database for Annotation, Visualization, and Integrated Discovery (DAVID) to find the molecular networks of downregulated microRNAs target genes. The top 20 GO terms and KEGG pathways showing significant association with target genes were listed with GO terms, KEGG pathway, number of genes in the terms, number of genes in the pathways, and P-value (Tables S5 and S6 ). The significant GO terms were related to regulation of cell proliferation, regulation of apoptosis, regulation of cell cycle (Table S5 and Fig. S1 ), and KEGG pathways were related to various types of cancer, focal adhesion, adherens junction, signaling pathways such as MAPK, toll-like receptor and p53 (Table S6 and Fig. S2) . One of the signaling pathways, MAPK signaling pathway, plays important role in gastric cancer. Figure 2 showed that genes like TRAF6, GRB2, and IL1R involved in MAPK signaling pathway were targeted by downregulated miRNAs marked in red boxes. Green boxes represent the genes targeted by upregulated miRNAs and yellow boxes indicate the genes targeted by both upregulated and downregulated miRNAs. We used KEGG API to produce color-coded pathways shown in Figure 2 .
Discussion
As different microRNA expression profiling studies use different platforms and different processing methods, there is the lack of agreement among these studies. Vote counting is the most intuitive and simplest method for combining results from different studies to discover the patterns among those results. Although vote-counting method is statistically inefficient, but it is suitable for dealing with the issue that only the list of differentially expressed genes is available. Here, a possible solution for this problem is to determine the overlap among many studies using different platforms and observe which miRNAs are consistently reported as differentially expressed ones [12, 13] . This type of systematic review had been done previously to determine differentially expressed genes in thyroid [12] and colorectal cancer [13] at gene level. Ma [32] carried out the systematic review in exploring candidate miRNA biomarkers in human colorectal cancer. Guan [33] carried out the meta-analysis of human lung cancer microRNA expression profiling studies comparing cancer tissues with normal tissues. The meta-analysis approach was suitable and effective solution for identification of statistically significant miRNA meta-signature by combining several miRNA expression studies [34] . However, to our knowledge, no such systematic review of miRNA profiling studies has been performed in gastric cancer.
The present systematic review identified one most consistently reported upregulated miRNA, miRNA-21, which was consistently reported to be differentially expressed in 10 studies followed by miR-25, miR-92, and miR-223 in eight studies. MiR-375 was reported to be consistently downregulated in six studies followed by miR-148a and miR-30d in five studies.
The most consistently reported differentially expressed miRNA of upregulation in our systematic review was miR-21 which had an oncogenic activity. The upregulation of miR-21 significantly promoted cell proliferation and revealed a higher proportion of cells at S phase and knockdown of miR-21 expression resulted in cell-cycle arrest at G2/M phase and inhibited cell proliferation [35] . Lee [36] showed higher expression of miR-21 in breast cancer tissues than in normal tissues and the high miR-21 expression was associated with mastectomy, larger tumor size, higher stage, higher grade, estrogen receptor (ER) negative, human epidermal growth factor receptor 2 (HER2) positive. From our study after miR-21, the most consistently reported upregulated microRNAs in eight studies were miR-25, miR-92, and miR-223. The up-regulation of miR-25 was significantly correlated with the status of lymph node metastasis and TNM (Tumor, Node, and Metastasis) stage and overexpression markedly promoted migration and invasion of esophageal squamous cell carcinoma [37] . Previous miRNA expression analysis had shown high expression of miR-25 in colorectal carcinoma [38] . miR-92a was implicated in human hepatocellular carcinoma development and miR-92a in human blood had the potential to be a noninvasive molecular marker for the diagnosis of human hepatocellular carcinoma [39] . Expression profiling studies had shown that miR-92 is overexpressed in oral carcinoma [40] . The miR-223 expression was significantly higher in cancerous tissues than in the corresponding normal tissues in esophageal squamous cell carcinoma and high miR-223 expression demonstrated a significantly poorer prognosis than those with low expression [41] .
The most consistently reported differentially expressed microRNA of downregulation in our systematic review is miR-375 which has an antioncogenic activity. The overexpressed miR-375 suppressed cell proliferation, blocked G1-to S cell-cycle transition, and inhibited cell migration and invasion in human cervical SiHa and CaSki cells, suggesting that miR-375 is a candidate tumor suppressor [42] . In this systematic review study, we found miR-148a and miR-30d were consistently reported downregulated in five studies. Liffers [43] found that miR-148a exhibited a significant fourfold downregulation in pancreatic ductal adenocarcinoma as opposed to normal pancreatic ductal cells and observed that stable lentiviral mediated overexpression of miR-148a in pancreatic cancer cell line, inhibited tumor cell growth and colony formation. Zhao [44] observed a decrease in miR-30d expression in the islets of diabetic db/db mice, in which MAP4K4 expression level was elevated and overexpression of miR-30d protected b-cells against TNF-a suppression on both insulin transcription and insulin secretion.
The MAPK pathway is an important pathway in causing the gastric cancer. From our study, we found one important gene, TNF receptor-associated factor 6 (TRAF6), involved in MAPK signaling pathway was targeted by downregulated microRNA. Comprehensive analysis using cDNA microarray showed that RUNX3 upregulated 17 apoptosis-related genes including TRAF6 in MKN-1 cells [45] . A positive correlation between TRAF6 and ubiquitin expression was found suggesting TRAF6 may upregulate ubiquitin activity in cancer cachexia [46] . Inhibition of TRAF6 in human lung cancer cells suppressed NF-jB activation, anchorage-independent growth and tumor formation [47] . The genes such as Ras, Raf, MEK, MAPK, ERK that were targeted by upregulated microRNAs in our analysis had significant role in the pathway. MAPK pathway had been often found to be deregulated in cancers and consists of several kinases (Ras, Raf, MEK) that were activated by phosphorylation upon ligand binding to a membrane receptor, ending up in the activation of several proteins involved in processes of cell invasion, apoptosis, transcription, survival, and drug resistance [48] . Ras/MAPK activation was found to be associated with cell proliferation and gastric carcinomas [49] . ERK1/2 the final effectors of this pathway, were also found to be activated in gastric cancers [50] .
In our study, 51 microRNAs among 352 microRNAs were reported to be inconsistent expressed in at least two independent studies. An elegant way to identify inconsistent studies is to correlate all studies with each other (study-study inconsistent miRNA matrix). Table S7 shows that study 15, 23, 18 , and 16 have the higher inconsistency with other studies; especially reference 15 reported 13 microRNAs inconsistent with reference 18. The study number is the same as the reference number shown in the main manuscript. Previous studies have shown that some differentially expressed miRNAs are reported in inconsistent direction among various studies when using microRNA arrays for a particular disease such as a cancer [34, 51] . The other three possible reasons for these observed inconsistencies are: the lack of sufficient relevant clinical data, the heterogeneous tissue samples, and the poor study design.
In conclusion, from our systematic review study we identified that miR-21 is the most consistently reported upregulated microRNA and miR-375 is the most consistently reported downregulated microRNA in gastric cancer. The findings of our present study may have important clinical significance. The results of this systematic review of GC miRNA expression profiling studies provide some clues of the potential biomarkers in gastric cancer. The most consistently reported differentially expressed microRNAs may be used as efficient biomarkers and therapeutic targets. Our study found several promising miRNAs that had been consistently reported. However, still more investigations are needed for the clinical studies focusing on these miRNAs in order to understand the potential roles of these microRNAs in gastric cancer.
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